Dissolved organic carbon (DOC) is important in the acid-base chemistry of acid-sensitive freshwater systems; in the complexation, mobility, persistence, and toxicity of metals and other pollutants; and in lake carbon metabolism. Carbon isotopes (13C and •4C) are used to study the origin, transport, and fate of DOC in a softwater catchment in central Ontario. Precipitation, soil percolates, groundwaters, stream, beaver pond, and lake waters, and lake sediment pore water were characterized chemically and isotopically. In addition to total DOC, isotopic measurements were made on the humic and fulvic DOC fractions. The lake is a net sink for DOC. A •4C results indicate that the turnover time of most of the DOC in streams, lakes, and wetlands is fast, less than 40 years, and on the same time scale as changes in acidic deposition. DOC in groundwaters is composed of older carbon than surface waters, indicating extensive cycling of DOC in the upper soil zone or aquifer.
INTRODUCTION
The importance of dissolved organic carbon (DOC) in the acid-base ch'emistry of acid-sensitive freshwater systems and in the mobility, persistence, and toxicity of metals and other contaminants in natural waters is now widely recognized. Organic acid anions can contribute up to 20% of the total acid buffering capacity of lake waters of some acidsensitive lakes [Herczeg eta!., 1985] . Because of the low pK a of some of the organic acids (3.5-5.5; [e.g., Eshleman and Hemohd, 1985]) these acids can also have an acidifying effect on natural water bodies [Kortelainen and Mannio, 1987; Eshleman and Hemond, 1985; LaZerte and Dillon, 1984] . Dissolved organic carbon is a strong complexing agent for many geochemically important and/or toxic metals such as iron, copper, aluminum, zinc, and mercury. Organically complexed aluminum has been found to be less toxic to aquatic organisms than inorganic forms of aluminum [e.g., Baker and Schofield, 1982] . DOC can increase the weathering rate of minerals [Drever, 1988] and increase the solubility and thus the mobility and transport of many metals and organic contaminants of concern [Stumm and Morgan, 1981] .
Despite the importance of DOC in the acid-base chemistry of freshwater systems and in aquatic toxicity studies, very little is known about the production and turnover of DOC within natural watersheds. Investigations of the transport of Naturally occurring DOC is a complex composite of molecules and colloids exhibiting a continuous spectrum of sizes and chemical characteristics. To simplify the complexity, natural DOC has been further divided into various fractions (humic and fulvic acids, hydrophobic neutrals and hydrophilic acids, bases, and neutrals) based on chemical reactivity [Thurman, 1984; Bourbonniere, 1989] . Changes in the distribution of the DOC fractions due to differences in relative turnover times will affect the acid-base balance, the complexing ability, and thus the inherent toxicity of these waters to biological organisms. In an alternative scenario for acidification of freshwater systems, Krug and Frink [1983] suggest that as sulfate depositio n is decreased, the release of humic acids from the watershed will increase, resulting in little change in the pH of the receiving water. This hypothesis implies that acid precipitation affects the turnover times Our aim was to investigate the sources and transformation of Dec, assess the importance of Dec in lake carbon metabolism, and anticipate potential changes in Dec cycling due to changes in the deposition of strong acids. The research on Dec cycling is part of an extensive investigation of the carbon cycle of soft water lakes. Carbon isotopes ( and •nC) in conjunction with whole watershed carbon mass balances are being used to evaluate carbon fluxes between the inorganic (atmospheric ce2 and dissolved inorganic carbon (DIC)) and organic carbon pools (DeC and solids) (Figure 1 ). In this paper, preliminary data collected during the first phase of our research are discussed. Definitions of symbols and subscripts are given in text. *Not including ungauged flow via direct seepage of groundwater into the lake in the numbered catchments (Figure 2 The hydrologic contribution from direct groundwater seepage is also difficult to quantify. The contribution from ungauged areas of the basin has been calculated by assuming an identical proportional contribution of flow and base flow DOC contribution, as was obtained in a gauged area. Recent work (A. Lye, unpublished data, 1990; J. Wills, unpublished data, 1990) has shown that up to an additional 5% of the annual streamflow could be entering the lake as direct groundwater seepage in some gauged areas. However, since groundwater DOC concentrations are so low (Table 1) , and the annual water budget of Harp Lake ignoring groundwater sources and losses is balanced to within an average of 3% (P. J.
MATERiALS AND METHODS

Field
Dillon, unpublished data, 1989), contribution of DOC from
seepage of groundwater directly into Harp Lake will likely be small (probably less than 5%) compared to the major inflows.
Mass balances constructed for the past 10 years for Harp Lake (Table 2) 
DOC Fractions
In general, the hydrophobic fraction (including acids, bases, and neutrals) constitutes between 45 and 75% of the total DOC (Table 1) 
Measured total DO•3C in streams and lakewaters at Harp
Lake Watershed fall within these expected ranges of-24%0 to -31%o (Table 1) The low •4C activity in shallow groundwaters compared to surface waters indicates that the groundwater DOC is not simply a small fraction of the total DOC that bypasses the DOC oxidation, sorption, and precipitation processes in the soil horizons but must be DOC that has undergone extensive cycling in the upper soil zone or aquifer.
Our ongoing research will continue to investigate the sources and transformation of DOC and assess the importance of DOC in lake carbon metabolism in differing natural 
